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The
Transpo

Group
MEMORANDUM
Date: February 7, 2006 TG: 02150.00
To:
From:
cc:

Subject:  Impacts of | 5/SR 509 Project on the Bow Lake Transfer Station

This memorandum discusses the I-5/SR 509 Freight and Congestion Relief project in
southwest King County and the impacts that may be incurred near the Bow Lake
Transfer Station.

Project Description/Need

The I-5/SR 509 Freight and Congestion Relief project will extend SR 509 from its
existing termination point at South 188th Street /12th Place South to a connection
with Interstate 5 at South 200" Street. In addition to this connection I-5 south will be
widened from Military Road to South 320 Street. 'This connection will serve current
and future transportation needs by enhancing the southern access to Sea-Tac Airport.

Existing/Future Conditions

Currently SR 509 terminates at South 188® Street / 12* Place South and does not

| connect to the regional transportation highway system, causing congestion along 188"
Street, SR 99, and I-5 during peak hours. Increases in future traffic volumes caused
by economic growth and increased airport activity will result in continued congestion
along 188" Street, SR 99, and I-5.

Future Circulation With-Project

The implementation of the SR 509 extension to I-5 will provide a direct connection
to Sea-Tac Airport and shift traffic from existing travel routes enabling better

| circulation on SR 99, I-5, and 188 Street corridor. The addition of travel lanes along
I-5 will also reduce congestion in the area. Motorists currently traveling on I-5 to
access SR 509 via South 188" Street will be removed from this interchange and
shifted to the new connection provided at South 200" Street

Impacts to Bow Lake Transfer Station

The SR 509 project should have little to no impacts on the area near the Bow Lake
Transfer Station. Physically no changes to the interchange will affect right-of-way or
access to Bow Lake Transfer Station. Additional lanes added to Interstate 5 will
occur south of the site. Traffic volumes adjacent to the transfer station currently
travel to/from the east via Orillia Road. Future circulation with the implementation
of the SR 509 extension will not re-route the majority of these travelers. 2020 PM
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peak hour level of service on Onillia Road is not expected to change with or without
the project. <
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An enlarged aerial image of the proposed SR 509 Corridor
ovements {South 186th Street to I-5)

1 An enla_rged aerial image of the proposed SR 509 Corridor Improvements (South 186th
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INTRODUCTION

King County is currently assessing existing conditions at five transfer stations in an effort to determine what
improvements could be implemented at some or all of the facilities. The County is evaluating 19 measures
of effectiveness, including but not limited to, travel time to the facility, time spent on site, recycling services
meet goals, daily handling capacity, safety, meets local noise ordinances, and meets criteria for acceptable
traffic impacts on local streets.

This technical report documents the analysis for addressing one of the 19 measures of effectiveness,
specifically, Criteria 15 as follows:

15. Meets Criteria for Acceptable Traffic Impacts on Local Streets
a) Local intersections remain below capacily if additional traffic is added, as defined by
the Highway Capacity Manual
b) On average, traffic queues entering the transfer station do not spillover onto or
impede local streets during 95 percent of the operating hours

The five King County transfer stations that were evaluated are:

# Algona Station, located in the City of Algona and having immediate traffic impacts to Algona,
Aubum and King County local streets,

= Bow Lake Station, located in the City of Tukwila and having immediate traffic impacts to
Seatac, Kent, and King County local streets,

# Factoria Station, located in the City of Bellevie and having immediate traffic impacts to
Bellevue local streets,

‘# Houghton Station, located in the City of Kirkland and having immediate traffic impacts to
Kirkiand, and

# Renton Station, located in the City of Renton and having immediate traffic impacts to Renton.

The methodology, data collection, and results for Criteria 15 are provided in detail in the following report.

METHODOLOGY
Intersection Analysis

For Criterion 15a, the traffic analysis software program Synchro/SimTraffic was used to analyze local
intersections. Most agencies require the analysis of the weekday p.m. peak hour, because it is typically the
time period that the local street system is experiencing the most fraffic. Although traffic associated with King
County transfer stations may not be the highest during the weekday p.m. peak hour, the total volume on the
local street system will likely be higher during the weekday p.m. peak hour, than during an hour that demand
is highest for a transfer station (typically on a weekend). For this reason the weekday p.m. peak hour was
analyzed at each of the study intersections.

A traffic operational analysis (level of service (LOS) and volume-to-capacity calculation) was performed at
the intersections selected by each host Agency deemed to be most impacted by transfer station traffic. LOS
refers to the degree of congestion at an intersection, measured in average control delay, and based on the
methodologies provided in the Highway Capacity Manual. LOS A represents free-flow conditions (motorists
experience little or no delay and traffic levels are well below roadway capacity), LOS F represents forced-
flow conditions (motorists experience very long delays, in excess of 80 seconds at signalized intersections



and more than 50 seconds at unsignalized intersections, and traffic levels exceed roadway capacity), and
LOS B to E represent decreasing desirable conditions. A more detailed discussion of the LOS concept is

presented in the technical report.

The volume-to-capacity ratio (v/c) is the peak hour traffic volume (vehicles/hour) at an intersection divided
by the maximum traffic volume that the intersection can maintain. For example, when vic equals 0.85, it can
be said that peak hour traffic uses 85 percent of the intersection's capacity; or 15 percent of the capacity is
not used. When v/c approaches 1.0 (e.g., 0.95), traffic flow becomes unstable such that small disruptions
can cause traffic flow to break down and long traffic queues to form.

If an intersection operates at LOS F or exceeds a v/c of 1.0, Criteria 15a is not achieved.

As mentioned previously, each host Agency selected the intersections that they deemed to be most
impacted by transfer station traffic, with the exception of the City of Renton. The intersections analyzed in
the City of Renton were selected by the project team in the absence of recommendations directly from the
City. Intersection p.m. peak hour tuming movement counts and intersection channelization were either
obtained directly from the host agency, or collected in the field. The selected intersections are as follows for
each transfer station:

Algona
= West Valley Highway/Driveway
= West Valley Highway/15th Street SW
=  West Valley Highway/1st Avenue N

Bow Lake
= QOrillia Road/Driveway
= S. 188th Street/I-5 NB Ramp
= S. 188th Street/Military Rd.

Factoria
s Richards Road/SE 32nd
= Richards Road/Eastgate Way

Houghton
= 116th Avenue NE/NE 60th Street
= 116th Avenue NE/NE 70th Street
= 116th Avenue NE/I-405 NB ramps
= NE 60th Street/Driveway

Renton
= NE 3rd St/Edmonds Avenue NE
= NE 4th St/Jefferson Avenue NE
= NE 4th St/Union Avenue NE

Queue Analysis

For Criterion 15b, basic queuing theory as described in Traffic Flow Fundamentals (Adolf D. May, 1990) was
applied to estimate the average queue formed at each transfer station weigh station upon entering. The
equation used fo estimate the average queue is as follows:



E(n)=(2p~-p*)+(2(01-p))

E(n) = average number in system (vehicle)
p = traffic intensity

A
P=—
M
A = mean arrival rate (vehicles per hour)
U = mean service rate per lane (vehicles per hour)

In addition, the following assumptions were made in order to apply the above queuing equation to the
available data:

= Vehicle arrival rate is assumed to be random, that is, vehicles do not arrive at transfer stations
at equal increments of time, rather they arrive at “random” times.

= Vehicle service rate is assumed to be constant
Traffic intensity (volume-to-capacity ratio) must be less than 1.0

= There is only one inbound scale at each transfer station

If the average vehicle queue exceeds the available storage capacity, then the queue is spilling over onto the
local street system or impeding local street operations. The available storage capacity was defined as the
distance from the inbound transfer station scale to the first driveway or intersection on a local street or a
point on the local street at which the queue from the transfer station would impede non-transfer station
traffic.

If the average queue exceeds the available storage capacity more than 95 percent of the operating hours,
Criteria 15b is not met.

For Criteria 15b, transaction data entering each transfer station was obtained from King County, for every
operating hour and every operating day in 2004. That data indicates the hourly demand for each transfer
station by vehicle type. Based on two studies performed by King County in the mid 1990's at the Algona,
Renton, Bow Lake, and 1st Avenue NE fransfer stations, it was determined that the average time spent on
the inbound scale is between 22 and 28 seconds. With these two pieces of data (hourly demand and
average fransaction time) the average vehicle queue waiting to be served entering a fransfer station was
calculated based on the equations listed above.

At one station, the Bow Lake Transfer Station, each hour was not analyzed. Out of the 22 hours of the day
that Bow Lake is open, only the core hours of 8 am to 6 pm for weekdays and 8:30 am to 5:30 pm for
weekends were analyzed, so that the data did not skew the results for hours where little traffic is
experienced.

Forecasts

Both Criteria 15a and 15b were also analyzed based on 2030 projections, provided by King County. The
Solid Waste Division developed the projections using its forecast model. This model predicts waste
disposal based on such factors as growth in population, employment, income, and assumptions about
additional recycling activity.



RESULTS
Intersection Analysis

The results for Criteria 154, the intersection operational analysis, are summarized in Tables 1 and 2 for
existing conditions (2005) and 2025, respectively. In 2005, the Algona, Factoria, and Renton transfer
stations all meet current intersection LOS standards (Criteria 15a). Both the Bow Lake and Houghton
transfer stations have one intersection that does not meet the current intersection LOS standard, meaning,
the intersection is LOS F and/or the v/c ratio is greater than or equal to 1.0. At Bow Lake, it is estimated
that if there were no vehicles related to the transfer station at the intersection, the intersection would operate
below capacity. Conversely, at the Houghton station, the intersection exceeds capacity even without traffic
associated with the transfer station.

By 2025, all of the transfer stations have at least one over-capacity intersection impacted by the transfer
station, with or without additional growth at the transfer station (see Table 2 and Figure 2)

Figures 1 and 2 illustrate the same information presented in Tables 1 and 2, graphically.



Table 1
Criteria 15a - Existing Conditions (2005) Analysis Summary

Existing wlo Transfer Station Existing wi Transfer Station

Delay Meets Delay Meets

Facility Intersection (sec/lveh) LOS VIC Criteria? (seclveh) LOS VIC Criteria?
AGOMA  yniriveway @ nla 082 YES 343 F =083 S VES
WVH/15th St ¥ o0 C =088 E VS 227 G- 08I —=YES
WVHI st Ave @ 43 ELTRE0 a0 VES 430 Ef 040 YES
Bowlake = 0 Rd/Driveway @ n/a nfa s 0760 IYES >110 ERyi1.09 NO
188th SU5NBRmp B 29.0 G0 NES 299 G [H0955 1 YES
e WS G 063 v 2756 GlDEs s
Richards Rd/32nd St '"Q’ 13.2 B 0.48 YES 151 B 0.50 YES
Factoria o
Richards Rd/Eastgate & 315 C 081  YES 312 C 081  VES
Hougaton 1161h Avel60ih St @ 18.8 ¢ 080 YES 19.3 c 08t ves
116th Aver70th St ¥ 551 ER D 100 NG 553 Eli a0 ND
116th Avell405NBRmp B 337 €= 093 WS 34.3 Ciltiigng 10/ ves
60th StDriveway Q nla nfa 008  YES 9.4 Al nes YES
3rd SYEdmonds Ave &8 139 B 067 YES 139 B 067  YES
Renton  4ih St/Jefferson Ave & B 75 ES {56 B 075 YES
4th St/Union Ave - 17.0 B 0.72 YES {7.0 B 772 YES
Notes:

8 g = signalized intersection, @ = stop-controlled intersection

2. Delay, or control delay, is measured in seconds per vehicle, and is a measure of all the delay contributable to
traffic control measures, such as signals or stop signs. At signalized intersections and all-way stop-controlled
intersections, the reported delay is the average of all the control delay experienced for all movements. At one-
way and two-way stop-controlled intersections, the reported delay is for only one movement, the movement
experiencing the worst control delay, which is typically one of the stop-controlled side street approaches. The
control delay reported at two-way stop-controlled intersections is not a valid indication of the operations of the
entire intersection.

3. LOS refers to Level of Service and is based on the methodologies outlined in the 2000 Highway Capacity
Manual. LOS is rated from “A” (low delay) to “F” (delay in excess of 80 seconds per vehicle at signalized
intersections, and 50 seconds at unsignalized intersections).

4, V/C = volume-to-capacity ratio

n/a = not available because this intersection is stop-controlled and the movement experiencing the worst
control delay would be the movement exiting the transfer station, and because this scenario assumes no traffic
associated with the transfer station, there is no control delay to report.




Table 2
Criteria 15a - Future Conditions (2025) Analysis Summary

2025 wlo Growth at Transfer Station 2025 wi Growth at Transfer Station

Delay Meets Delay Meets

Facility Intersection (seclveh) LOS VIC Criteria? (seciveh) LOS VIC Criteria?
A mDriveway ® i B 1% Mo SR e
WVH/A51h St & Fii o8- NO 945 E=Eioh = ND
WVH/1st Ave @ >110 F n/c NO >110 F nic NO
Bow Lake Orillia Rd/Driveway @ >110 F n/c NO >110 F n/c NO
188hSULSNBRmp B >110 Faiit 152 1 NO >110 Fi=S1545 T ND
198l SiMiteryRd B 510 D 093 HiYES 518 D W00 1 VS
Richar;s Rd/32nd St ﬁ 242 C 0.76 YES 26.6 c 079 YES
Factoria o
Richards Rd/Eastgate & 110 F 123 NO >110 F 123 NO
i e RS T ESiSars NG >110 Pl g
MehAwronst B >0 Ee e i) TesiE Sl D
1161h Avell-405 NBRmp B 2110 Fe. 195= NO S e B
60th StDriveway @ 02 B U2 YES 107 B 047l YES
Renton 4 syedmonds Ave BB C 095  YES 218 C 095  YES
4h Stieffersan Ave B 178 B 08  YES 18.4 B 08  VYES
4th StUnion Ave & 90,6 F 113 NO 913 Fo 143 NO
Notes:

1. f = signalized intersection, ; = stop-controlled intersection

2. Delay, or control delay, is measured in seconds per vehicle, and is a measure of all the delay contributable to
traffic control measures, such as signals or stop signs. At signalized intersections and all-way stop-controlied
intersections, the reported delay is the average of all the control delay experienced for all movements. At one-
way and two-way stop-controlled intersections, the reported delay is for only one movement, the movement
experiencing the worst control delay, which is typically one of the stop-controlled side street approaches. The
control delay reported at two-way stop-controlled intersections is not a valid indication of the operations of the
entire intersection.

3. LOS refers to Level of Service and is based on the methodologies outlined in the 2000 Highway Capacity
Manual. LOS is rated from “A” (low delay) to “F” (delay in excess of 80 seconds per vehicle at signalized
intersections, and 50 seconds at unsignalized intersections).

4. VIC = volume-to-capacity ratio
n/c = the volume-to-capacity ratio exceeds calculable limits.




Figure 1
Criteria 15a - Existing Conditions (2005) Analysis Summary
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Figure 2
Criteria 15a - Future Conditions (2025) Analysis Summary
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Queue Analysis

In order to determine if the average queue at each of the transfer stations exceed available storage, the
average vehicle length must be calculated. The average vehicle length was calculated based on the mix of
passenger cars versus transfer station trucks at each facility, and assuming 25 feet per passenger car and
75 feet per transfer station truck. The average vehicle fength is summarized in Table 3.

Table 3
Average Queue Capacity by Site

On-Site Queue Capacity

Average Vehicle

Facility Length {feet) Length (feet) No. of Vehicles
Algona 274 135 4
Bow Lake 325 476 14
Factoria 26.8 64 2
Houghton 286 346 12
Renton 26.5 70 2

Notes:
1. The average vehicle length was calculated based on the average mix of passenger cars versus transfer station trucks at
each facility, and assuming 25 feet per passenger car and 75 feet per transfer station truck.

2. The queue capacity was provided by King County and is the distance from the weigh station to the first off-site
intersection or driveway that would be impacted by the queue of vehicles at the transfer station.

The 2004 existing condition results of the Criteria 15b analysis, queuing, are presented in Table 4. Based
on all data available in 2004 from January to December, only the Renton transfer station meets Criteria 15b,
where traffic queues entering the transfer station do not spillover onto or impede local streets during 95
percent of the operating hours. The data was further analyzed to determine if the majority of the off-site
queuing took place on the weekend or weekday. In fact, all of the transfer station sites would meet the
queue criteria on a weekday, i.e. none of the sites queue off-site more than 95 percent of the operating
hours on a weekday. Conversely, all of the transfer stations fail the criteria 15b on weekends.



Table 4
Criteria 15b - Queue Capacity Analysis Summary
All Days in 2004

No. of Hours Percent of Hours
Days of Week Total Hours Queue Exceeds  Queue Exceeds Meets

Facility Analyzed Analyzed Capacity Capacity Criteria?
Algona Weekday 2,995 45 2% YES
Weekend 1,002 454 44% NO
All Days 4,017 499 12% NO
Bow Lake Weekday 2,615 20 1% YES
Weekend 1,007 286 28% NO
Facloria 4010 3 1% YES
Weekend 1,018 415 41% NO
All Days 5,028 450 9% NO
Holighton Weekday 2485 15 1% YES
Weekend 1,014 171 17% NO
All Days 3,499 186 5% NO
Renton Weekday 2,658 1 0% YES
Weekend 1,022 81 8% NO
All Days 3,680 82 2% YES

It should be noted that at the Bow Lake transfer station, the analysis for Criteria 5, which evaluated the on-
site capacity of each transfer station, indicated that station has adequate capacity (LOS C) in 2005 on site to
handle existing traffic flows. Therefore, the fact that Bow Lake does not meet the off-site queue criteria
would indicate that the off-site queue is not related to the on-site capacity for this station. Rather, the
constraint is the process time at the scale.
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King County implemented new operating hours and made some functional changes at all of the transfer
stations in the latter half of 2004, specifically July to December. As a result, the queue data was re-
analyzed using data from only the latter half of the year to determine if the hours of operation and functional
changes would have made a difference with respect to off-site queuing. Table 5 summarizes the queue
analysis results for data represented by July to December 2004. Both Renton and Houghton meet Criteria
15b, when only the latter half of 2004 is analyzed. as well. Similar to the data analysis for the full year, all of
the sites meet Criteria 15b on a weekday, while none of them meet the criteria on a weekend. With the
exception of the Algona transfer station, all of the transfer stations experienced fewer occurrences of the
queue spilling over onto City streets or impeding traffic flow.

Table 5
Criteria 15b — Queue Capacity Analysis Summary
July to December in 2004

No.of Hours  Percent of Hours
Days of Week Total Hours Queue Exceeds  Queue Exceeds Meets

Faci Analyzed Analyzed Capacity Capacity Criteria?
\Igor Weekday 1458 40 3% YES
Weekend 491 221 45% NO
All Days 1,949 261 13% NO
Bow Lake Weekday 1,308 18 1% YES
Weekend 487 107 22% NO
All Days 1 25 73’? NG
Weekday 1,786 2 1% YES
Factoria Weekend 490 184 38% NO
All Days 2,276 210 9% NO
Holighton Weekday 1,199 14 1% YES
Weekend 489 689 14% NO
All Days 1,688 83 5% NES
Renton Weekday 1,326 1 0% YES
Weekend 493 29 6% NO
All Days 1,819 30 2% YES
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Table 6 summarizes the queue analysis based on 2025 projections of transfer station use. By 2025, none
of the facilities will satisfy Criteria 15b, with queues extending off-site between 15 and 41 percent of the
time, depending on the location. In fact, even weekdays will experience queue failure at all the transfer
stations, with the exception of Renton.

Table 6
Criteria 15b — 2025 Queue Capacity Analysis Summary

No. of Hours Percent of Hours

Days of Week Total Hours Queue Exceeds  Queue Exceeds Meets
Analyzed Analyzed Capacity Capacity Criteria?

Facility

Algona Weekday 1,458 442 30% NO

Weekend 490 354 72% NO

All Days 1,948 796 41% NO

Bow Lake Weekday 1,308 339 26% NO
Weekend 487 312 64% NO

1,789 gsl 6% NO

Weekday 1,786 412 23% NO

Factoria Weekend 490 333 68% NO
All Days 2,276 745 33% NO

Weekday 1,199 360 30% NO

Weekend 488 288 59% NO

All Days 1,687 548 38% NO

Renton Weekday 1,326 43 3% YES

Weekend 493 223 45% NO

All Days 1,819 266 159 NO

12



Figure 3 illustrates the data provided Tables 4, 5, and 6, graphically. N
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HCM Unsignalized Intersection Capacity Analysis Bow Lake Site
1: S 188th St & Transfer Station Driveway - 2004 Without Transfer Station
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Lanes, Volumes, Timings Bow Lake Site
3: S 188th St & I-5 NB Ramp 2004 Without Transfer Station
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Lanes, Volumes, Timings Bow Lake Site
10: Military Rd S & S 188th St 2004 Without Transfer Station
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Lanes, Volumes, Timings . Bow Lake Site
10: Military Rd S & S 188th St 2004 Without Transfer Station

Intersectlon Summary
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Lanes, Volumes, Timings Bow Lake Site
3: S 188th St & I-5 NB Ramp 2025 No Growth
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Lanes, Volumes, Timings Bow Lake Site
3: S 188th St & I-5 NB Ramp 2025 No Growth
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Lanes, Volumes, Timings

10: Military Rd S & S 188th St

Bow Lake Site
2025 No Growth
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Lanes, Volumes, Timings Bow Lake Site
10: Military Rd S & S 188th St , 2025 No Growth

Intersectlon Summary
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HCM Unsignalized Intersection Capacity Analysis Bow Lake Site
1: S 188th St & Transfer Station Driveway 2025 No Growth
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Lanes, Volumes, Timings Bow Lake Site
3: S 188th St & I-5 NB Ramp 2025 With Growth
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HCM Unsignalized Intersection Capacity Analysis ‘Bow Lake Site
1: S 188th St & Transfer Station Driveway 2025 With Growth
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Lanes, Volumes, Timings : , ' Bow Lake Site
3: S 188th St & I-5 NB Ramp 2025 With Growth

Intersect«on Summary
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Lanes, Volumes, Timings Bow Lake Site
10: Military Rd S & S 188th St 2025 With Growth
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Lanes, Volumes, Timings
10: Military Rd S & S 188th St

Bow Lake Site
2025 With Growth
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LEVEL OF SERVICE CONCEPT

Because intersection capacity and traffic flow performance, or “level of service”, are prime
factors in the process of developing and evaluating alternatives, a brief description is
presented here for the benefit of the lay reader.

The ratio of existing traffic volume to available capacity provides a measure of the
intensity of traffic loading relative to the ability of the street intersection to accommodate
the traffic. The number of lanes, presence of tum lanes, type of traffic control, signal
phasing, etc., are important factors in determining capacity. As the volume-to-capacity
(v/c) ratio approaches a value.of 1.0 at signalized intersections, extreme congestion sets
in, with long backups and several complete changes of the signal cycles occuring before a
motorist can proceed. Motorists at stop-sign controlled intersection approaches face
extremely long delays when the v/c ratio approaches 1.0. As traffic queues lengthen, this
congestion can also impede access to and from upstream abutting property.

The term “level of service” is used to describe traffic flow at intersections. For signalized
intersections, the level of service is based on control delay per vehicle (see table A-1).
Control delay is a measure of all the delay contributable to traffic control measures, such
as a traffic signal. Control delay includes initial acceleration delay, queue move-up time,
stopped delay, and final acceleration delay.

Table A-1
Level of Service and Volume/Capacity Ratio
Relationships for Signalized Intersections

Level of Control Delay Intersection
Service General Description (seconds/vehicle)! VIC Ratio?
A Free flow <10.0 <0.60
B Stable flow (slight delays) 10.1 to 20.0 0.61t0 0.70
(] Stable flow (acceptable delays) 20.1 t0 35.0 0.71 to 0.80
D Approaching unstable flow 35.1 to 55.0 0.81to 0.90

(tolerable delay - occasionally wait
through more than one signal cycle
before proceeding)

E Unstable flow (intolerable delay, 55.1 t0 80.0 0.91to 1.00
intersection operating at capacity)
F Forced flow (jammed) > 80.0 >1.00

1. For operational analysis method which requires detailed geometric, traffic, and signal information usually used
for existing conditions analysis.

2. For planning-level analysis method. Planning-level analysis is used when there is less certainty in the input
when default values are typically relied upon and future traffic forecasts are used.

Source: “Highway Capacity Manual”, Transportation Research Board, 2000; and “Interim Materials on Highway
Capacity”, Circular 212, Transportation Research Board, 1980.




Level of service A is a condition of unimpeded flow, while level of service C is often used
in the design of new urban streets as the lowest acceptable level for peak periods.
Congestion begins to occur at level of service D (v/c from 0.81 to 0.90). Because of
funding and/or environmental constraints for irnprovements, this level of service is being
used by more and more cities as an adequate level, particularly for irnprovements to
congested existing facilities. Increasingly unstable traffic flow with excessive delay and
congestion occurs as level of service E (capacity) is approached (v/c = 0.91 to 1.00). For
vic > 1.00, level of service F (forced flow) is obtained, and the intersection is overloaded
or is jammed due to traffic backups from overloaded downstream intersections.

It should be noted that equal v/c ratios at several locations do not necessarily indicate
equal overall performance of intersections. One intersection may experience a high v/c
ratio for a considerable period of the day while at another intersection the peak period
lasts a short time. In addition, a low level of service is more tolerable at a low-volume
intersection than a high-volume location.

The general level of service concept also holds for stop-sign controlled intersections,
although the capacity of the stop-sign controlled approaches is less than that of the
signalized intersection approach. Table A-2 shows the level of service criteria for
unsignalized intersections.

Table A-2
Level of Service Criteria for Unsignalized Intersections
Control Delay (d)' Level of Service
d<10 A
10<d<15 B
16<d<25 C
25<d<35 D
35<d<50 E
d>50 F2

1. Control delay is measured in seconds per vehicle.

2. Forlevel of service F, when demand volume exceeds the capacity of
the lane, extreme delays will be encountered with queuing which may
cause severe congestion affecting other traffic movements in the
intersection. This condition usually warrants improvements to the
intersection.

Source: “Highway Capacity Manual®, Transportation Research Board, 2000.




Capacity analysis for two-way stop-sign controlled intersections is based on the
assumption that major street traffic is not affected by the minor street movements, and
that left-turns from the major streets to the minor streets are influenced only by opposing
major street through flow. Therefore, the level of service calculated for two-way stop
intersections is based on delay experienced by only the minor street movements and the
major street left-turn movement.



_MEMORANDUM

This memorandum briefly documents the results of the preliminary traffic assessment
of access enhancement options for the existing Bow Lake Transfer Station, that were
presented to KCSWD staff at a meeting March 5, 2004. It includes:

* Background
* Compatison of Alternatives

*  Summary

Background

Options to enhance access at the Bow Lake transfer station have been under
investigation by the RW Beck team since summer 2003. Current site access is
hampered by the close proximity of the transfer station access road to the existing
ramp terminals at the S 188" Street/1-5 Interchange. This close spacing results in
traffic queue interference with access traffic, especially slower moving transfer trucks.
In addition, safety is a concern for traffic entering S 188™ Street from the site, and for
left turning traffic from S 188" Street into the site. The Bow Lake Transfer Station
remains an impottant component of King County solid waste management strategy
far into the future.

Range of Options Considered

A wide range of access enhancement options have been considered by the team,
ranging from minor channelization modifications, to traffic signalization of the site
entrance intetsection with S. 188" Street, to significantly mote-expensive roadway
and ramp revisions requiring coordination with Washington State Department of
Transportation (WSDOT) to effectively implement. None of the lowest cost options
provided any substantial benefit to improve existing traffic operations, or adequately
accommodate future traffic volume levels associated with anticipated growth.

The only conceptual option that was determined to provide adequate traffic
operational benefit was to combine the I-5 northbound ramps with the site access
road, as well as S. 188™ Street and Orilla Road approaches, into what is commonly
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referred to as a single point interchange. The most recent analysis has focused on this
cote option, with further examination of permutations of this option. The most
current evaluation focuses on the following options:

* Single Point Interchange (SPI) — Basic design which brings the west leg of
S. 188™ Street into a single intersection with the I-5 northbound ramps, the
east approach from Orillia Road, together with the access to the Bow Lake
Transfer Station.

* SPI With Right Turn Bypass — Removes right turning traffic from thel-5
northbound off ramp from the intersection, and accommodates them in a
separate turning ramp to eastbound Orillia Road.

* SPI With Right turn Bypass and Orillia Road/I-5 Northbound Flyover
— This option removes the westbound Orillia Road destined for northbound
for northbound I-5 from the intersection operation by accommodating them
in a flyover ramp.

The basic option (SPI) improves operation over existing conditions by
accommodating all traffic at a single point, allowing signalized control of the Bow
Lake Transfer Station access, and doing so in a way that increases intersection spacing
between the northbound and southbound I-5 ramp terminals. Implementation of any
of the options above will requite the close coordination between WSDOT and King
County, as well as the neighboring city of Tukwila.

The analysis considered the following traffic characteristics:

* Background Traffic Growth — A long range traffic horizon was considered.
Traffic forecast factors were acquited from King County, and included the
Gteen River Valley and Highline subareas, which ate forecast to grow at
approximately 23 and 5 percent, respectively. Application of these two data
potnts resulted in consideration of a worst case and probable traffic forecast
for 2023 conditions.

* AM and PM Peak Hour Traffic Analysis — Both AM and PM peak hour
traffic conditions were examined.

* Intersection Level of Service — Traditional intetsection analysis was
conducted to assess future traffic delays and compare the affect of the
identified options on the traffic capacity of the I-5/S 188™ Street/Orillia Road

freeway ramps and site access dtiveway.

* Traffic Queuing — The close spacing of the S. 188" Street ramp terminals
with northbound and southbound I-5, together with the Bow Lake Transfer
Station access road, requires consideration of the relative effect of traffic
queues occurring between intersections to understand the operational viability
of futute options.
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Comparison of Alternatives

The following summarizes the preliminary traffic assessment of the single point
interchange options considered. It desctibes intersection Level of Service (LOS),
traffic queuing, and other factors relevant to compating the operational options for
the following

Intersection Level of Service

Attachment 1 (LOS Handout from Meeting) summarizes the LOS analysis for each
of the alternatives for 2023 conditions. Two scenarios wete developed. First, a worst
case assumption that all traffic would grow at a rate consistent with the Green river
Valley growth factor (23%) was evaluated. Second, a hybrid growth rate that applied
the Green River Valley rate only to the east leg of the intersection (Orillia Road
approach) while applying the lower 5 percent growth rate to the other primary
approaches. The latter reflects a more-reasonable approach, in that the high level of
existing traffic associated with the I-5 off ramps, as well as S. 188" Street to the west,
are likely to grow at a substantially lower rate than the higher growth Green River
Valley. They are both presented to reflect sensitivity analysis.

The analysis summatrized in Attachment 1 generally shows that the PM peak hour will
continue to experience higher levels of traffic congestion than occur during the AM
peak hour. It also shows that the blended growth rate results in more-feasible levels
of setvice associated with each of the options. During the PM peak hour, resulting
traffic operations would be similar for both the basic and basic with right turn bypass
case, LOS “E”. When the effect of the traffic removed as a result of the flyover ramp
is added, operations would improve by a complete level of service, resulting in LOS
“D”, and about 15 seconds less delay than desctibed for the other options in the PM
peak hour.

In summary, traffic growth to 2023 will contribute to further substantial decline in
overall street system and access petrformance suttounding the Bow Lake Transfer
Station. The single point interchange will improve opetations and safety compared to
doing nothing, but alone would result in continued significant delays. Addition of the
tight turn ramp bypass alone would improve AM peak hour operations, but have a
minimal impact on relieving PM peak hour congestion. However, with the addition
of the flyover ramp to eliminate westbound traffic from Orillia Road to northbound
I-5 from the intersection, a significant operational improvement could occut.

Traffic Queuing

Traffic queuing associated with the 2023 conditions were also reviewed. All options
would provide adequate queuing capacity to accommodate anticipated traffic demand,
with the exception of the eastbound approach to the intersection on S. 188™ Street.
This movement currently has traffic queues that exceed the available capacity, and
will continue to do so in the future under any scenario. This queuing, while
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significant, would not directly affect the access viability for the single point
interchange in serving the Bow Lake Transfer Station. However, fully understanding
the interaction between traffic signals and intersections in the interchange atea will
require ongoing evaluation, and may receive additional scrutiny in light of any specific
development or transpottation improvement proposal.

Summary

KCSWD is considering the further development of the Bow Lake Transfer Station to
suppott the County’s solid waste management strategy. Current site access is
problematic in that heavy through traffic volumes on S. 188" Street, together with
turning movements associated with the closely spaced I-5 ramp terminals, result in
substantial access delays, and safety concerns for traffic turning into and out of the
Bow Lake site. Of the range of improvements considered, the modification of the I-5
notthbound ramps to realign the landing point to provide a 5-way single intersection
that combines the Bow Lake access toad provides improved safety and operations.
However, in otdet to provide operating conditions of LOS “D” ot better during both
AM and PM peak hour conditions, it is necessary to consider further substantial
investment in the roadway infrastructure, including the development of a single point
interchange with the I-5 northbound ramp terminal and the Bow Lake transfer station
access, incorporation of a separate right turn access from the northbound off-ramp to
eastbound Orillia Road, and the development of a flyover structure to intercept
westbound Orillia Road traffic destined for northbound I-5.

Based on this analysis, further investigation of the feasibility and cost of construction
associated with this concept should be undertaken.

Attachment

M\02\02150 Bow Lake TS\Summary Memo — Traffic Assessment.doc
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ATTACHMENT

Bow Lake Transfer Station
Level of Service

2023 with Highline/Green Valley
2023 with Creen Valley Growth Growth

Intersection Options . LOS V/C
Basic Design CFD 884 o8 S6133 - 1010
W/ rith'by—-pé’ss o F 883 108 E 608 1.00
w/ right by-pass and E 769 102 - D 445 0:91

AM Peak Hour LOS __ _Singlé ’P_}ointj .NB,,R%?’.“? iﬁté?ségzti{;n |

2023 with Highline/Green Valley
2023 with Green Valley Growth Growth

Intersection Options LOS LOS /C

Level of service. :
Average delay in seconds per:vehicle,
Volume-to- -capacity ratio. : i 0
The flyover alternative was also evaiuated with the exxstmg mtersectmn a ometry The resuits md:cated
. overal] operatsons were similar o) or Wworse than the Opt(on with th _ over added _to,;he single point.
o mtersecnon and ;esultmg traff el s between ex;stmg m eysect;on we ; i G

The Transpo Group page 5



	Transpo  02/07/2006
	HDR  03/18/2005
	Transpo  05/12/2004



